Cyclic enkephalin analogs containing various para-substituted phenylalanine derivatives in place of Tyr1 are potent opioid agonists.
The cyclic enkephalin analog H-Tyr-c[D-Cys-Gly-Phe(pNO(2))-D-Cys]NH(2) is a highly potent opioid agonist with IC(50)s of 35 pm and 19 pm in the guinea-pig ileum (GPI) and mouse vas deferens (MVD) assays, respectively. The Phe(1)-analog of this peptide showed 370-fold and 6790-fold lower agonist potency in the GPI and MVD assays, respectively, indicating the importance of the Tyr(1) hydroxyl-group in the interaction with mu and delta opioid receptors. In the present study, the effect of various substituents (-NH(2), -NO(2), -CN, -CH(3), -COOH, -COCH(3), -CONH(2)) introduced in the para-position of the Phe(1)-residue of H-Phe-c[D-Cys-Gly-Phe(pNO(2))-D-Cys]NH(2) on the in vitro opioid activity profile was examined. Most analogs showed enhanced mu and delta agonist potencies in the two bioassays, except for the Phe(pCOOH)(1)-analog, which was weakly active, probably as a consequence of the negative charge. The most potent compounds were the Phe(pCOH(3))(1)- and the Phe(pCONH(2))(1)-analogs. The latter compound showed subnanomolar mu and delta agonist potencies and represents the most potent enkephalin analog lacking the Tyr(1) hydroxyl-group reported to date. Taken together, these results indicate that various substituents introduced in the para-position of Phe(1) enhance opioid activity via hydrogen bonding or hydrophobic interactions with the receptor. Comparison with existing structure-activity relationship on phenolic hydroxyl replacements in morphinans indicates that these nonpeptide opiates and some of the cyclic enkephalin analogs described here may have different modes of binding to the receptor.